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A B S T R A C T
Food and food-related stimuli can be powerful elicitors of aﬀect. Here we investigated how the valence of food
pictures and the consummation of meals with diﬀerent arrangements on the plate modulate physiological and
subjective variables. In particular, we presented pictures of food stimuli rated as high or average in terms of
valence, before and after participants consumed strictly standardized meals. The meals consisted either of
several separate constituents on the plate (complex meal), or of exactly the same constituents mixed together
(simple meal). Food pictures of positive or neutral valence had to be discriminated from randomly intermixed
pictures of faces showing either happy or neutral expressions. During the complex meal, blood glucose increased
more slowly than during the simple meal, indicating a beneﬁcial eﬀect of the former, worthy of further
investigation because more rapid changes in glucose level are considered to be related to more intense food
craving. For the food stimuli emotion eﬀects were present both very early on and in the late positive complex.
Hence, food pictures may elicit a rapid reﬂex-like aﬀective response followed by a later evaluative stage.
Interestingly, the valence-related ERP responses to food pictures seemed to be relative independent from
motivational states, that is, satiation because the intervening meals did not modulate them.
Introduction
Food is often a potent elicitor of positive emotions (Osdoba et al.,
2015), especially when we are hungry or crave for a special kind of
food. These emotions or aﬀects arise not only during eating but already
when the presence of food is signaled by sight or smell, and they
manifest at both subjective and physiological levels. The present study
explored the eﬀects of two food-related variables and their underlying
mechanisms. First, we were interested how event-related brain poten-
tials (ERPs) to pictures of food were modulated by the subjective
valence of the depicted items. ERPs can give precise and objective
insight into the presence and time course of valence appraisal (e.g.,
Schacht and Sommer, 2009a). Second, we were interested in the eﬀects
of plate arrangements or plating techniques. It is well known that
diﬀerent ways of plating stimulate the subjective pleasure and satisfac-
tion of consumers (see e.g. Deroy and Spence, 2014; Michel et al.,
2015; Spence and Piqueras-Fiszman, 2014) We expected, due to the
diﬀerent possibilities the plate needs to be eaten that the arrangement
of the components may modulate physiological processes related to
meal consumption and have consequences on mood, satiation, or the
emotional response to pictorial representations of food.
Although the use of gustatory and olfactory stimuli in ERP studies
becomes increasingly viable (e.g., Crouzet et al., 2015), pictures of food
are the most commonly used proxies for food items. In several stimulus
domains, ERPs have been shown to be very sensitive and time-resolved
measures of aﬀect-related neural responses. Thus, for aﬀective pictures
in general, for faces with emotional expressions, and for words of
emotional content, it has been shown that positive and negative valence
modulates diﬀerent time segments in the ERP. A ﬁrst modulation
consists in shifts towards more negative amplitudes at posterior
electrode sites in response to aﬀective as compared to neutral stimuli.
This early posterior negativity (EPN) starts at about 150 ms in
response to pictorial stimuli and about 100 ms later to emotional
words (Bayer and Schacht, 2014; Schacht and Sommer, 2009a). The
EPN has been assumed to indicate reﬂexive attention to emotionally
meaningful stimuli. It is usually followed by the late positive complex/
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potential (LPC/LPP), consisting in an increased positivity over centro-
parietal electrodes between 300 and 500 ms or more for emotional as
compared to neutral stimuli. Moreover, some studies found the
amplitudes of the visual P1 (80–100 ms) and N1/N170 (150–
180 ms) components to be enhanced by emotional images, such as
aﬀective scenes (e.g., Carretié et al., 2004), facial expressions of
emotions (e.g., Rellecke et al., 2011), and even arbitrary symbols
experimentally associated with reward (Schacht et al., 2012) or
punishment (Stolarova et al., 2006). These very early ERP modulations
have been linked to the rapid preferential sensory processing of
emotional stimuli on the basis of coarse visual features, supposed to
be processed via a fast magnocellular route (for a review see Pourtois
et al., 2013).
A ﬁrst study indicating that food pictures may elicit similar
emotional responses as other aﬀective stimuli was reported by Nijs
et al. (2008). They found that food pictures elicited an enlarged LPP as
compared to pictures of neutral objects (oﬃce items), indicating a
sustained preferential processing of food items similar to stimuli of
explicit emotional content (e.g., Bayer and Schacht, 2014; Schacht and
Sommer, 2009a; Schupp et al., 2007).
Most ERP studies using pictures of food have focused on two
questions. The ﬁrst question concerns the eﬀects of the nutritional
value of food-related stimuli on electrical and hemodynamic signals. In
a recent review of fMRI studies, Asmaro and Liotti (2014) concluded
that stimuli related to high-calorie food activate brain areas involved in
reward processing, similar to those activated when substance users
view drug stimuli. Fewer studies have investigated the eﬀects of
pictures related to high and low nutritional content on ERPs. In a
food/non-food discrimination task, Toepel et al. (2009) (for a beha-
vioral follow-up study see Harrar et al., 2011) showed that the calorie
content of depicted food modulated visual ERPs between 160 and
220 ms and also increased ERP amplitudes around 350–370 ms.
Similar ﬁndings were reported by Meule et al. (2013) who investigated
the electrophysiological correlates of food-cue processing during crav-
ing regulation. The results showed a larger N1 (150–200 ms) for high-
than low-calorie food items. LPC amplitudes were increased for high-
calorie items when a long-term perspective was taken in the judgments,
which was interpreted as a negative evaluation of the consequences of
eating such food.
The second question that is frequently investigated with food
pictures relates to the eﬀect of food deprivation/satiety. Stockburger
et al. (2008) presented appetizing pictures of principle meals and
deserts to participants either after lunch or after 24 h of food depriva-
tion. After food deprivation the LPC was larger than after lunch. In
contrast, the emotional response to aﬀective non-food pictures was not
modulated by deprivation. In a similar study by Stockburger et al.
(2009) the previous eﬀects of food deprivation were replicated for
appetizing food pictures; in contrast, a decrease in LPC amplitude was
elicited by pictures of ﬂowers after food deprivation. In addition, Nijs
et al. (2010) showed that attention – reﬂected in the amplitude of the
P300 – to food stimuli was modulated by food deprivation in normal-
weight individuals.
The studies above demonstrate aﬀect-related eﬀects in ERPs to food
pictures that are modulated by appetite. However, these reports are
only indirectly informative about the eﬀects of the perceived tastiness
or palatability of food. Thus, the studies on nutritiousness eﬀects are
inconclusive with regard to aﬀective aspects, as high calorie content is
not equivalent to positive valence. Instead high calorie food might be
even negative for many people and in many situations, for example, for
those who want to eat healthy or who are on a diet. Indeed, rated
palatability is not higher for high- than low-calorie food (Blechert et al.,
2014). Hunger versus satiation as a variation in motivational state may
have a similar eﬀect on emotional responses to food regardless of
palatability. Unfortunately, studies on satiation usually included only
one class of food items and manipulated motivation in a similar way. In
order to study tastiness, valence, or palatability one needs to compare
stimuli that represent more or less palatable food and that are
controlled for other confounds.
In the present study, we were interested in the ERP eﬀects of
valence of food pictures. Hence, would food items rated as tasty trigger
diﬀerent ERPs than neutral items? The high temporal resolution of
ERPs allowed us to address the time course of such eﬀects: How long
does it take for the neurocognitive system to register tastiness from
pictures? Would there be an early response resembling that for calorie
content or would tastiness require more time to register in the brain?
A second objective was, whether eﬀects of tastiness would be
modulated by appetite, that is, whether the consumption of a meal
would aﬀect the distinction between tasty and neutral food stimuli.
According to the results of previous deprivation studies (e.g.
Stockburger et al., 2008, 2009), one might expect smaller ERP
responses after satiation. However, as pointed out above, it is
conceivable that satiation might depress responses to all food stimuli
regardless of tastiness or valence, leaving the diﬀerence in the response
to tasty and neutral food items unaﬀected. We assessed this question by
serving a meal between ERP sessions and tested whether the emotion-
related ERP eﬀects elicited by food pictures change after the meal.
Finally, we were interested in more speciﬁc eﬀects of the physical
arrangement of the meal served. In current culinary discourse, the
question has been raised, whether the number of elements of dishes
and their arrangement would enhance culinary satisfaction (e.g., Vilgis,
2013; Woods et al., 2016). In this paper we consider only “entropic
complexity”, which is deﬁned by the arrangements of the (or some of
the) components separately, so that they can be distinguished (“com-
plex dishes”) and compare these to dishes of “lower complexity”, when
the components are highly mixed and cannot be consumed and tasted
separately. Other contributions to a wider deﬁnition of meal complex-
ity, such as color arrangements, numbers of components, etc. have
been not taken into account. It appears important, to choose simple
and clearly distinguishable cases, to reduce the number of parameters
for the test persons. The two arrangements investigated here can thus
be considered as two extreme cases.
In other words, we asked if the same food constituents arranged in
diﬀerent ways can give diﬀerent feelings of satiation. Therefore, we
compared simple, less complex dishes (where all ‘bites’ are very similar
in taste, looks and smell) and more complex dishes where the
constituents of a dish are arranged separately, and the consumer has
free choice to pick diﬀerent combinations, diﬀering in taste, looks and
smell. In two sessions, our participants were served vegetarian and
chicken dishes, each in a simple and complex version (for recipes see
Appendix). We assumed that for both dishes, higher complexity would
yield more satisfaction, keep brains more active with a stronger feeling
of satiation by triggering scent, taste, and mouth feel. Thus, more
complex meals might drive higher pleasure and culinary richness
involving basically all human senses, including vision, feeling with
hands and tongue, hearing the textures such as crispiness, the taste and
the stimulations of scent by aroma compounds in ortho- and retronasal
perception. We also assumed that the time of consumption could be
longer for complex than for simple meals.
We used food pictures from a large database that had been rated
and quantiﬁed on a number of dimensions (Blechert et al., 2014). Food
stimuli were categorized into groups of high (positive) and average
(neutral) valence according to the norms of the database. With this
selection, we avoided potential complications by non-tasty or disgust-
ing food. In order to assess whether food pictures of diﬀerent valence
would elicit similar or diﬀerent emotional responses as visual stimuli
from a diﬀerent domain, we also presented pictures of faces with
positive and neutral emotional expressions. All stimuli were presented
in random order and participants discriminated between faces and
food. Because this is a very superﬁcial task, we expected early eﬀects of
valence for facial expressions (Rellecke et al., 2011). Because food
stimuli are more complex and variable in appearance than faces we
expected mainly an LPC eﬀect; early eﬀects might be expected only if
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certain aspects of the food stimuli are associated with reward by
conditioning (e.g., Schacht et al., 2012).
Since blood glucose level usually rises after a meal (Plumelle et al.,
2014; Zeevi et al., 2015; Ohlsson et al., 2016), we were interested if
there was a diﬀerence in the increase of blood glucose level after
complex in comparison to simple meals. Similarly, we were interested
in eﬀects of meals and their complexity on stress levels and mood;




Sixteen participants (20 - 38 years of age, M =28.9; 8 women) of
normal weight (body mass index 20.3–25.0, M =22.5) were recruited
through ﬂyers and advertisements. None of the participants reported
food allergies, chronic diseases, or histories of eating disorders. Fifteen
participants reported no history of depression (score < 13 in the
German version of the Beck Depression Inventory, Hautzinger et al.,
2006) and one scored 14 points. According to a handedness ques-
tionnaire (Oldﬁeld, 1971), ﬁfteen participants were right-handed
(score > 58) and one was left-handed (score =−100). Furthermore,
all participants declared to have culinary interests.
Participants were informed in writing that the aim of the study was
to assess the eﬀects of a meal on physiological and psychological
functions. Participants were asked to have enough sleep in the night
preceding the experiment, not to consume alcohol in the evening before
the test, and to have breakfast in the morning of the testing days in
accordance with their usual habits. The food and water served during
the study was provided for free and 30 Euro were paid for participation
in both sessions of the experiment. Written informed consent was
obtained from all participants prior to the ﬁrst session. The study was
approved by the ethics committee of the Department of Psychology of
the Humboldt-University at Berlin (Vote 2014-26).
Stimuli
There were four non-overlapping sets of 160 pictures each; each set
consisted of 40 neutral and 40 smiling faces, and 40 pictures each of
positive valence and neutral food pictures. All images in Set 1–4 were
diﬀerent.
Face stimuli with standardized luminance and contrast of positive
and neutral valence were taken from Rellecke et al. (2012) and from
our own database.
Food pictures were taken from the database of Blechert et al.
(2014), which contains pictures of food items taken according to a
unitary photographic style. We excluded pictures of meat, ﬁsh, and
drinks. Since valence, palatability, and craving/desire correlate with
.8–.9 in the normative data for this picture collection, we took valence
(averaged across omnivore male and female raters) as a universally
acknowledged scale from which we excluded all values between the
40th and 60th percentile. Overall the average valence ratings of neutral
and high valence pictures were 48.73 (3.57) vs. 62.28 (4.88), t(318)
Fig. 1. The four kinds of meals served. The top panels show „simple“ variants with a low degree of complexity, whereas the bottom panels show the corresponding “complex” variants of
the dishes above.
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=−28.3, p < .001. As to be expected, the neutral and high valence
pictures diﬀered also in arousal ratings (M =28.90 (4.58) vs. 38.09
(5.93)), t(318) =−15.5; p < .001. It is also of interest that high valence
pictures were not showing higher-calorie food than neutral valence
pictures (M =493.92 (819.56) vs. 431.19 (834.20), t(318) =−.68,
p=.498. In terms of kcal/100 g the high valence pictures showed
signiﬁcantly less nutritious food than the neutral valence pictures (M
=168.96 (165.32) vs. 280.61 (193.00)), t(318) =5.56, p < .001.
Explicitly matched variables (all ts < 1) for high and neutral valence
pictures were brightness (luminance of all non-white pixels of the gray
scale image and the white background: M =35.92 (15.52) vs. 37.46
(12.33), within-object contrast (SD of luminance across all non-white
pixels of the gray scaled image: M =51.71 (12.57) vs. 52.84 (11.05)),
normalized complexity (for deﬁnition please see Blechert et al., 2014;
M =.27 (.09) vs. .26 (.08)), and size (proportion of non-white pixels
relative to total number of pixels: M =.33 (.11) vs. .33 (.09), t < 1).
When the diﬀerent stimulus sets were statistically tested on the
matched dimensions, all t-values (df =78) were < 1.09, and all p-
values were > .28.
Meals
The simple and complex versions of the meals (see Fig. 1) consisted
of the same types and measures of ingredients and hence were
equivalent in energy and nutritive value. According to a standard
nutrition table the vegetable and chicken dishes had 450 and 750 kCal,
respectively. The meals were accompanied by 500 ml of sparkling or
still water (according to participants’ choice), which were fully con-
sumed by all participants. The amount of salt in the prepared meals
was identical across the two versions to maintain the same ionic level,
which inﬂuences the water binding capacity during digestion and might
inﬂuence the (objective and subjective) satiation state. The recipes of
the meals are provided in the Appendix. All dishes were prepared in a
nearby restaurant and brought on time for the meal in thermally
insulated boxes. Importantly, participants were served one of two
dishes, either in its complex or simple version, during the ﬁrst session,
and were served the other version of the other dish in the second
version. The order of the two dishes and their two versions was
counterbalanced; that is, the same number of participants started with
a complex or a simple version of each dish; in the second session the
other meal and version was served. Hence, if a given participant
received the vegetable dish in its simple version in Session 1, she
received the complex chicken dish in the next session. The assignment
of food to participant was determined by the experimenters.
Questionnaires
Mood states were assessed with the Multidimensional Mood State
Questionnaire (MDBF) short versions “A” and “B” (Steyer et al., 1997).
The short versions consist of 12 questions to be answered on 5-point
Likert scales (from “deﬁnitely not” to “very much”) and yield scores on
the scales GS “bad to good mood”, WM “sleepy to awake”, and RU
“restless to calm”; scores on all scales range from 4 to 20.
Procedure
For each participant the study consisted of two 1.5-h sessions
(including a complex or simple meal) with three phases each: (1) pre-
meal, (2) meal, and (3) post-meal phase. Pre- and post-meal phases
involved the same tasks. Both sessions took place around lunchtime
and were separated by one week.
Session 1
At the beginning of the ﬁrst session participants’ informed consent
was obtained. Next, the BDI-II, Handedness Questionnaire (Oldﬁeld,
1971) and Questionnaire on demographics and health (diabetes, eating
disorders, food aversions and allergies, height and weight) were
completed.
Pre-meal phase. The following tests were conducted in a ﬁxed order,
as follows. Blood glucose level was measured using a commercially
available device for diabetes control (FreeStyle Lite, Abbott©). For
each measurement a new sterile lancet was used. Cortisol level was
measured by placing a cotton roll for at least 1 min under the tongue
until it was soaked with saliva; the cotton rolls were placed in a sealed
test tube, marked and refrigerated. Mood was assessed with theMDBF,
short version “A” or “B”, counterbalanced across participants.
After applying the EEG electrodes, participants were seated at a
viewing distance of 90 cm in front of a computer screen in a dimly lit,
sound-attenuated room. Pictures of food items of high and neutral
valence (40 each) and pictures of smiling and neutral faces (20 female
and male faces each) were presented. The order of the 80 pictures in
each set was randomized and the same random arrangement for a
given set was used for all participants. All food pictures were presented
on a white background of the same rectangular format of 600×450
pixels; faces were edited to a unitary format by applying a mask with
ellipsoid aperture framing the stimuli within an area of 450×600 pixels,
rendering only the facial area visible. Stimulus size thus corresponded
to a visual angle of 12.1 by 8.9°.
Each trial started with a ﬁxation cross for 500 ms, replaced by a
picture, shown for 1 s, followed by a blank screen for 500 ms after
which the next ﬁxation cross was presented. A food/face classiﬁcation
task was conducted where participants decided whether the picture
showed a face or a food item by pressing the left or right button for
faces and food items, respectively, as fast and accurately as possible. At
the beginning, ﬁve practice trials were presented (always the same in
each test); if a mistake was made, feedback was given ("wrong
answer”). In the proper task the response time was measured.
The EEG was recorded with Brain Amp ampliﬁers (BrainProducts)
with Ag/AgCl electrodes from 42 electrode sites according to the
extended 10–20 system, referenced to the left mastoid, and at a
sampling rate of 500 Hz (band pass: .0159–250 Hz).
Electrooculograms were recorded from the left and right outer canthi
and beneath and above the left eye. Electrode impedance was kept
below 5 kΩ.
Meal. The meal was taken in the laboratory but outside of the EEG-
cabin, with the electrode cap still on but unplugged. The dish was eaten
at a well-set table, including a white tablecloth, napkin, and cutlery.
Participants had 15 min to consume the meal, which should have been
ample time since the average duration of a solitary meal is 10 min
(Sommer and Steele, 1997). In addition to every dish, bottled water
(500 ml, still or medium) was oﬀered.
Post-meal phase. In order to asses the eﬀects of the meal on
motivation state we asked four questions about satiation versus
hunger, to be answered on 5-point Likert scales. Then the alternative
version of the mood questionnaire (MDBF) to the one presented in the
pre-meal session was completed. The second EEG measurement with
new pictures of faces and food was recorded. The post-meal phase
ended after washing hair with the measurement of blood glucose and
cortisol, following the same procedure as in the pre-meal phase.
Session 2
The procedure in Session 2 followed the same scheme as in Session
1, except for omitting the BDI-II, Handedness, and demographics
questionnaires. The order of complex and simple dishes and the
chicken or vegetable variant was counterbalanced; that is, a given
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participant received both a simple and a complex meal, one of which
was with chicken and the other with vegetables.
Data analysis
Prototypical eye movements for later artifact correction were
obtained in a calibration procedure. Eye movement artifacts were
eliminated using the surrogate model of multiple source eye correction
(Berg and Scherg, 1994), included in BESA software version 6.0 (BESA
GmbH). The EEG was re-calculated to a common average reference.
Trials with remaining artifacts were rejected according to the following
criteria: Voltage steps < 50 µV/ms; maximal allowed diﬀerence of
values in intervals of 200 ms=300 µV; minimal and maximal allowed
amplitudes ± 150 µV.
Experimental data were statistically tested with repeated measures
analyses of variance (rmANOVAs) on Phase (pre- vs. post-meal) and
Complexity (simple vs. complex). For the dependent variables from the
food/face-decision task the factor Valence (positive vs. neutral) as
included as well and – in case of performance data – Picture type (food
vs. face).
ERPs to faces and food stimuli were analyzed separately because of
their diﬀerent morphologies and quantiﬁed within scalp regions of
interest (ROIs). Selection of time windows and electrodes in these ROIs
were determined by visual inspection of grand mean waveforms and
conformed with previous ERP reports in the literature. In addition to
factors Phase, Complexity, and Valence, we also included the factor
Electrode, corresponding to the number of electrodes that entered a
given ROI.
Cortisol levels were analyzed by an external laboratory.
Results
Questionnaires
After the meal participants felt satiated independent of the simple
or complex meal version (M =4.38 vs. 4.06; t(27) =1.0; p=.3); the three
other questions about hunger and satiation pointed into the same
direction. As to mood, the GS, WM, and RU scales of the MDBF showed
no signiﬁcant main eﬀects of session or meal complexity and no
interaction of these factors.
Meal consumption time
The meal consumption time (Fig. 2, left panel) tended to be shorter
for simple meals (M =9.38 min, SD =2.60) than for complex meals (M
=11.07 min, SD =2.49), t(27) =1.97, p=.07.
Blood glucose level
There was a signiﬁcant main eﬀect of Phase on blood glucose level
(Fig. 2, middle panel), F(1, 31) =11.04, p=.002, which increased after
the meal (Ms =5.25 vs. 5.93 mmol/l). There was also a signiﬁcant
interaction of Phase and Complexity, F(1, 31) =4.43, p=.043. Separate
analyses for complex and simple sessions showed that after the simple
meal there was a signiﬁcant increase of glucose level from M =5.21–
6.04 mmol/l, F(1, 15) =11.05, p=.005, but not after the complex meal
(M =5.28 vs. 5.83 mmol/l), F(1, 15) =2.37, p=.12. There was no
signiﬁcant correlation between the pre-post meal diﬀerence in blood
glucose level and any of the time variables about meal consumption, for
example, meal duration, interval between end of meal and glucose
measurement, etc. (all ps > .2).
Cortisol
There were neither main eﬀects of the factors Session or Complexity
nor interaction of these factors. Note, however, there was a numerical
(non-signiﬁcant) decrease of cortisol level after the meal with a more
pronounced diﬀerence after complex as compared to simple meals (see
Fig. 2, right panel).
Food/face decision task
Performance
Error rates in the food/face decision task were below 2% and not
aﬀected by any of the experimental factors. For the analysis of reaction
times (RTs), only correct trials were taken into account. rmANOVAs
revealed a small but signiﬁcant eﬀect of Valence, F(1, 15) =4.88, p
< .05, with shorter RTs for positive than for neutral pictures (M =453
vs. 459 ms).
Event-related potentials (ERPs)
ERPs to food pictures. The P1 was analyzed in a ROI of Oz, O1, O2, Iz,
PO9, and PO10 for the time segment 116–140 ms. ANOVA yielded a
main eﬀect of Phase, F(1, 15) =9.72, p < .01; the P1 was larger before
than after the meal (M =2.05 vs. 1.42 μV). There was a main eﬀect of
Valence: high valence food pictures elicited signiﬁcantly larger P1
amplitudes than neutral pictures (M =1.94 vs. 1.53 μV), F(1, 15) =6.16,
p < .05 (see Fig. 3).
The LPC was analyzed within a ROI of Cz, Pz, P3, and P4 for the
time segments 140–158, 158–258 ms and in consecutive 50-ms steps
until 858 ms. ANOVAs revealed signiﬁcant main eﬀects of Valence in
Fig. 2. : Meal consumption time, blood glucose level (mmol/l) and Cortisol level (nmol/l) before and after complex and simple meals. Error bars indicate standard errors.
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all segments between 258 and 558 ms, and then again for 608–658 and
708–758 ms, Fs > 7.30; ps < .02. As can be seen in Fig. 3, high valence
food pictures elicited a larger LPC than neutral pictures. In the
segments 308–358 and 408–508 ms segments, there were main eﬀects
of Phase, Fs > 7.20, ps < .02, with higher overall mean amplitudes for
the pre-meal compared to the post-meal phase during the 308–358 ms
segment (1.58 vs. .94 μV) and the 408–508 ms segment (3.37 vs.
2.91 μV). Importantly for present purposes, the eﬀect of Valence was
not modulated by Phase in any of these time segments. There was only
a single weak three-way interaction of Valence with Phase and
Complexity, F(1, 15) =4.58, p=.049, between 308–358 ms. However,
post-hoc tests did not yield any meaningful results.
ERPs to face stimuli. Mean P1 amplitudes (Fig. 3 bottom) were
analyzed between 62 and 120 ms at Oz, O1, O2, Iz, PO9, and PO10.
The analyses revealed only an interaction between factors Phase and
Complexity, F(1, 15) =4.96, p=.042, due to larger P1 amplitude
increases after complex than after simple meals as compared to the
pre-meal recordings. Since this small interaction for faces is hard to
explain as an eﬀect of meal complexity, it will not be further discussed.
Mean N170 amplitudes were analyzed between 120 and 156 ms at
Oz, O1, O2, Iz, PO9, and PO10. The analyses showed main eﬀects of
Phase (Mpre =−1.22 vs. Mpost =1.64 μV), F(1, 15) =4.76, p=.045, and
Valence (Mpositive =−1.75 vs.Mneutral =1.11 μV), F(1, 15) =32.54, p
< .001.
LPC amplitudes were tested in consecutive 50-ms steps between
156 and 806 ms at Cz, Pz, P3, and P4 electrodes. ANOVAs yielded main
eﬀects of Phase in segments 156–206 ms (Mpre =2.66 vs. Mpost
=.22 μV), F(1, 15) =21.70, p < .001) and 456–506 ms (Mpre =2.54 vs.
Mpost =2.15 μV), F(1, 15) =4.82, p < .05. Between 256 and 306 ms,
there was an interaction between Phase and Valence, F(1, 15) =8.49, p
< .05, reﬂecting slightly larger amplitude diﬀerences between happy
and neutral faces (M positive =1,35 vs. M neutral =1,15 μV) after the
meals than before (M pre =1.20 vs. M post =1.31 μV).
Discussion
In the present study we investigated valence eﬀects of food pictures
on brain responses and whether such valence eﬀects would be
modulated by intervening meals with high- or low-complex plating,
that is, arrangements of meal constituents on the plate.
The clearest eﬀect of meal complexity in the present study in in
blood glucose level. Interestingly, the – expected – increase from the
pre-meal to the post-meal measurement was less pronounced after the
complex as compared to the simple meal. A smaller increase of glucose
during or immediately after a meal is considered beneﬁcial because it
reduces the likelihood or intensity of food craving when glucose drops
again some time later. Pronounced drops in blood glucose level may
lead to excessive hunger, overeating, and a preference for food that
rapidly restores blood glucose level to normal, together leading to
cycles of overeating (Lennerz et al., 2013). Hence, the attenuation of
glucose increase observed here following complex meals may indicate a
beneﬁcial eﬀect of meals with a more complex arrangement on the
plate, eﬀectively decreasing the glycemic index of the meal.
Interestingly, the eﬀect cannot be easily explained by the more
extended duration of complex meals since the meal duration did not
correlate with glucose increase. We therefore think that the eﬀects of
the arrangement of food on the plate deserve replication with other
kinds of food and further study because it may provide a new approach
to dietetics.
Performance in the face/food discrimination task during the ERP
measurements was good; it was not aﬀected by the meal or by meal
complexity. In line with several previous studies on emotion processing
(e.g., Rellecke et al., 2011; Schacht and Sommer, 2009a, 2009b),
Fig. 3. Valence eﬀects for food pictures (top) and faces (bottom). Depicted are the waveforms of the P1/N170 ROIs (left panels) and LPC ROIs (right panels), superimposed for neutral
and positive items (black vs. cyan lines).
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responses to positive food and happy face stimuli, respectively, were
faster than to their neutral counterparts. This ﬁnding supports the
assumption of a preferential and facilitated processing of salient – that
is, emotionally valent and arousing – stimuli, even under experimental
conditions where the speciﬁc content and thus the hedonic valence of
the stimuli is irrelevant for successful task performance.
Emotion-related modulations of ERPs to faces occurred only very
early on, that is, for the N170 component, but not later. This ﬁnding is
consistent with similarly early eﬀects of facial expressions during
superﬁcial tasks, where stimuli from diﬀerent domains had to be
discriminated (Rellecke et al., 2011), and support the assumption of an
automatic evaluation of facial expressions of emotions (e.g.,
Vuilleumier and Pourtois, 2007; Rellecke et al., 2012). We should like
to point out that the valence eﬀects in the ERPs may present
diﬀerently, in particular spreading towards later time segments, if the
task requires deeper processing – an interesting subject of future study.
The ERP eﬀects of valence of the depicted food stimuli is in partial
contrast to the eﬀects of facial expressions. First, there was a valence
eﬀect on the P1 component, occurring even earlier than the emotion
eﬀect in the N170 to faces. This very fast modulation of ERPs by the
valence of food pictures is reminiscent of similarly early eﬀects due to
reward conditioning (Schacht et al., 2012) and might indicate that at
least for some food pictures there may be reﬂex-like responses of the
visual system. Second, there was a strong and long-lasting LPC
modulation by pictures of positively valenced food items. These results
show that the valence or tastiness of food is evaluated in an elaborate
way even if this dimension is task–irrelevant. Hence, the valence-
speciﬁc processing of food pictures seems to consist of two phases, a
very early stage of preferential sensory processing and a relatively late
stage of sustained elaborate processing. Interestingly, the ERP eﬀects
found in our study occurred both at even shorter latencies and with
longer duration than those elicited by high-calorie versus low-calorie
food pictures (e.g., Meule et al. 2013; Toepel et al., 2009), underscoring
the independence of the valence and energy dimension in food
evaluation.
An important observation in the present data is that the emotion-
related ERP responses to the food items were not modulated by the
change of motivational state induced by the meal. Since participants
reported to be satiated after the meal and blood glucose level showed a
signiﬁcant increase after the meal, such a change had deﬁnitely taken
place. Note that the overall decrease of amplitudes in almost all ERP
components to faces and food pictures after the meal consumption
might reﬂect either this general change in satiation or the repetition of
the discrimination task employed in our study. Nevertheless, the
emotion eﬀects in ERPs did not interact with this change in state
and hence were remarkably stable. This might seem to be at variance
with the reports of Stockberger et al. (2008, 2009) of an increase in the
LPC to food stimuli after food deprivation. The apparent discrepancy
might be due to the fact that only one kind of food pictures were used in
the studies of Stockberger and co-workers and hence the eﬀects of
valence could not be tested. Similarly, the emotion eﬀects in the ERPs
were not modulated by the complexity of the visual and taste
experience of the intervening meal. Possibly the limited manipulation
in the present laboratory experiment was not strong enough to mimic
the impressive subjective experiences that complex foods in top
gastronomy can achieve.
Meals had no measurable eﬀects on any of the mood scales. This is
at variance with ﬁndings by Sommer et al. (2013) who reported meal-
induced changes on several scales, for example, a decrease in mood
quality and wakefulness and an increase in restlessness. The main
diﬀerence between the present and those previous studies is that the
latter required a walk to the restaurant and back and took more time
for the meal intervention in the restaurant. Possibly, the laboratory
environment of the present study and the rather brief duration
precluded comparable changes.
In conclusion, we show here for the ﬁrst time that the valence of
food stimuli is appraised in an implicit, superﬁcial task. Both happy
faces and positive food stimuli elicited very early ERP eﬀects, pre-
sumably indicating reﬂex-like responses to items of positive valence. As
compared to faces, food pictures show more long-lasting eﬀects,
possibly indicating that these stimuli provide “food for thought” when
they are task-irrelevant but appetitive. These valence eﬀects in the
ERPs were independent of food-related motivation, that is, satiation.
Interestingly, meal complexity seems to diminish the eﬀective glycemic
index of a meal providing a promising new approach to dietetics
because rapid swings of glucose levels have been related to food
craving.
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Appendix. Recipes
Vegetable meals
Ingredients: 100 g potatoes; 100 g carrots; 100 g green peas; 100 g
celery root; 50 g onions; 50 g crème fraiche; 20 g butter; 200 ml
vegetable broth; 1 table spoon of chopped parsley; salt; pepper.
Simple version
All vegetables were cooked with the broth in a pressure cooker.
Next, the cooked vegetables were mixed in a blender together with the
cream, butter, seasoned with pepper and salt. The plate was garnished
with the parsley.
Complex version
The complex version of the vegetable meal consisted of 4 elements.
(1) Potato puree: Potatoes were diced and boiled in water, then mixed
with parts of the broth and a small part of the cream to form a ﬁrm, soft
puree, seasoned with a part of the salt and pepper. (2) The onions were
cut in rings and slowly fried with the butter in a small pan. (3) The peas
were cooked in a steamer. (4) Vegetables: The carrots and celery were
cut into juliennes and blanched in the remaining vegetable broth. The
vegetable broth was sieved and reserved in small verrines. The
remaining cream was mixed with a bit of salt and pepper and the
parsley to form a “dip”. A food ring was used to produce a layer of
potato puree. On top the fried onions were placed together with the
frying butter. The julienne vegetables were arranged around it. The
parsley cream was also placed on the plate. A little pitcher ﬁlled with
the vegetable broth added a liquid component.
Chicken meals
Ingredients: 2 equally sized chicken drumsticks; oil for frying; 100 g
tomato (diced); 50 g onion (diced); 10 g garlic (diced); 40 g couscous;
5 g mint leaves; 5 g coriander leaves; 20 g lemon fruit (dices); 10 g
lemon peel; 80 ml olive oil; spices according to a standard recipe (salt,
pepper).
Simple version
In the simple version the drumsticks were fried in a pan with a little
oil. After removing them from the pan onions were added and fried.
Next, garlic and tomatoes were simmered and the pan was covered with
a lid for a few minutes. Next, the drumsticks were added and cooked
until the meat could be separated from the bones. The meat was cut
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into small pieces, bones being discarded.
The couscous was soaked in 1.5 parts of water, salt was added. Then
the couscous was lightly heated and the lemon juice, coriander leaves,
mint leaves, olive oil, and lemon fruit dices were added. Sauce and
meat were placed on the top of the couscous.
Complex version
In the complex version, the skin was carefully removed from the
drumsticks. Drumsticks were fried in a non-sticking pan until tender.
Some olive oil was mixed with the lemon peel. Next, the tomatoes were
cut in halves and the inside was removed. The outsides were diced and
added to the meat to form a kind of “tartar”, seasoned with salt, spices,
coriander leaves, parts of the lemon juice and marinated for some time
in the fridge. From the inside of the tomatoes a salad was prepared
together with olive oil, part of the onions and part of the garlic,
seasoned with olive oil, a bit of mint leaves and salt. The remaining
garlic and onions were fried until they were leathery. The couscous was
prepared as follows: One spoon was removed and used to prepare a
small, ﬂat, crispy and fragile disc. The rest of couscous was overcooked
to a soft puree, seasoned with the remaining spices and the remaining
olive oil. The meat and tartar were heated. The prepared ingredients
were arranged separately on the plate.
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